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WELDING APPARATUS AND METHOD 



PUF.T.TMTNA TtV AMF.NnMFNT 



BoxPCT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Dear Sir: 



Please amend the application in the following particulars prior to Examinatioa 



IN THE SPFrTFTrATTONt 

Page 1, line 2, before the first paragraph, please insert the following section heading: 

ArKf^ROTTNn OF TTTF fNVFNTTON 



Page 1, line 29, before the fifth paragraph, please insert the following section heading: 

STTMM A1?V OF TTTF nWFNTfON 
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Page 5, line 35, before the sixth full paragraph, please insert the following section 
heading: 

RPTFF DF^rRTPTTON OF TTTK PR AWTNQS 

Page 6, hne 11, before the first full paragraph, please insert the following section 
heading: 

nFTATT .FD DFSrttTPTTON OF A PRFFF.RT^FD FMttOmMF.NT 

Please insert the following paragraph at the end of page 9. 

The foregoing description is only exemplary of the principles of the invention. Many 
modifications and variations of the present invention are possible in light of the above 
teachings. The preferred embodiments of this invention have been disclosed, however, so 
that one of ordinary skill in the art would recognize that certain modifications would come 
within the scope of this invention. It is, therefore, to be understood that within the scope of 
the appended claims, the invention may be practiced otherwise than as specially described. 
For that reason the following claims should be studied to determine the true scope and 
content of this invention. 
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TNTHECr^ATMS 

Please delete claims 1-48 

Before the claims, please insert What is claimed is: 

49. (NEW) A method of welding a plurality of overlapping members having a tenacious 
surface oxide layer, the method comprising the steps of: 

melting said members at a predetermined location to form a weld pool; and 
disturbing the weld pool by introducing a disturbing member into the weld pool. 

50. (NEW) The method as claimed in claim 49, wherein the step of melting the members 
to form the weld pool is achieved by a using a plasma arc torch. 

51. (NEW) The method as claimed in claim 49, further including the step of clamping the 
overlapping members prior to forming the weld pool 

52. (NEW) The method as claimed in claim 49, wherein the disturbing member is 
consumable. 

53. (NEW) The method as claimed in claim 52, wherein the disturbing member has a 
composition substantially similar to that of the metal forming the plurahty of 
members. 

54. (NEW) The method as claimed in claim 49, wherein the disturbing member is non- 
consumable. 

55. (NEW) The method as claimed in claim 49, wherein the step of disturbing the weld 
pool comprises the steps of advancing the disturbing member into the weld pool at a 
speed of advance and to a predetermined depth, and then withdrawing the disturbing 
member at a speed of withdrawal. 

56. (NEW) The method as claimed in claim 55, further including the intermediate step of 
holding the disturbing member in the weld pool for a predetermined time. 



3 



67056-002 
P700600US-PCT/JG/SAC 

57. (NEW) The metitiod as claimed in claim 55, wherein the speed of advance and the 
speed of withdrawal of the disturbing member is variable. 

58. (NEW) The method as claimed m claim 55, wherein, the speed of withdrawal is at 
least equal to the speed of advance, 

59. (NEW) The method as claimed in claim 49, wherein movement of the disturbing 
member is at a relatively shallow angle to the plane of the weld. 

60. (NEW) The method as claimed in claim 59, wherein the angle is greater than 30°. 

61. (NEW) The method as claimed in claim 60, wherein the angle is less than 45°. 

62. (NEW) The method as claimed in claim 49, wherein the disturbing member is 
introduced into the weld pool to one side thereof to promote a stirring effect. 

63. (NEW) The method as claimed in claim 49, the method including disturbance of the 
weld pool by a welding gas. 

64. (NEW) The method as claimed in claim 63, wherein the gas is caused to impinge on 
the weld pool at an angle and in a manner to promote swirling of the weld pool. 

65. (NEW) The method as claimed in claim 49, wherein the weld pool is supported from 
beneath. 

66. (NEW) The method as claimed in claim 50, wherein the step of disturbing the weld 
pool includes disturbance by pulsing a welding current of theplasma arc torch. 
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67. (NEW) A welding apparatus for welding a plurality of overlapping members having a 
tenacious surface oxide layer, the apparatus comprising a plasma arc torch operable to 
form a weld pool in a work piece, and a weld pool distrubuter including a disturbing 
member which is movable into the weld pool to a depth sufficient to penetrate the 
overlapping oxide layers present in the weld pool. 

68. (NEW) The apparatus as claimed in claim 67, and including a weld pool supporting 
member. 

69. (NEW) The apparatus as claimed in claim 67, wherein the disturbing member is 
consumable. 

70. (NEW) The apparatus as claimed in claim 69 wherein the disturbing member includes 
a wire having a composition substantially similar to that of the workpiece. 

71. (NEW) The apparatus as claimed in claim 70, wherein the wire is movable by a feed 
mechanism. 

72. (NEW) The apparatus as claimed in claim 71, wherein the feed mechanism is operable 
to move the wire at least one predetermined feed rates relative to the weld pool, in 
use. 

73. (NEW) The apparatus as claimed in claim 71, wherein the feed mechanism includes 
guide means to guide the wire or filament to a predetermined location in the weld 
pool. 

74. (NEW) The apparatus as claimed in claim 67, wherein the disturbing member is non- 
consumable. 

75. (NEW) The apparatus as claimed in claim 68, wherein the support member comprises 
a support surface having a recess adapted to support the weld pool. 
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76. (NEW) The apparatus as claimed in claim 75, wherein the support member is adapted 
to allow the recess to vent when the weld pool is formed. 

77. (NEW) The apparatus as claimed in claim 68, the supporting member including a 
body having an insert, the insert defining the support surface, wherein the insert is 
manufactured from a material having a lower thermal conductivity than the material of 
the body. 

78. (NEW) The apparatus as claimed in claim 68, wherein the supporting member is 
provided with a cooling system. 

79. (NEW) The apparatus as claimed in claim 68, wherein the supporting member has a 
peripheral raised edge against which the work piece is received. 

80. (NEW) The apparatus as claimed in claim 67, wherein the plasma arc torch and a 
supporting member are movable relative to one another to enable the work piece to be 
clamped therebetween. 



81. (NEW) The apparatus as claimed in claim 67, wherein an electric welding current of 
the plasma torch is pulsable during welding to assist disturbance of the oxide layer 
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TNTRF AR^TRArTr 

Please replace the abstract with: 

A welding apparatus for welding two or more overlapping members having a 
tenacious surface oxide layer, the apparatus comprising a plasma arc torch operable to form a 
weld pool in a work piece, and weld pool disturbing means operable, in use, to disturb a weld 
pool formed by the plasma arc torch, the weld pool disturbing means comprising a disturbing 
member which is movable into the weld pool The apparatus may include a support member 
adapted to support the weld pool. 

Applicant respectfully requests examination of this appUcation. 

Respectfully submitted, 

CARLSON, GASKEY & OLDS, P.C. 




Karin H. Butchko 
Registration No. 45,864 
Attomeys for Applicant 
400 West Maple Road, Suite 350 
Birmingham, Michigan 48009 
(248) 988-8360 

Dated: January 28, 2002 
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VFPSTON WTTT T MARKINGS TO SHOW TH ANftFS M ADK 

SPffCTFrCATTON 

Page 1, line 2, before the first paragraph, please insert the following section heading: 
R ArKHI^OTTNTI O F TUV TNVFNTTnN 

Page 1, line 29, before the fifth paragraph, please insert the following section heading: 

CTTMM AttV OF TTTF TNVFNTTON 

Page 5, line 35, before the sixth full paragraph, please insert the following section 
heading: 

RPTFF PFSCRTPTT ON OF THF PR AWTNOS 

Page 6, line 11, before the &st full paragraph, please insert the following section 
heading: 

DFTATT FH TIFS rRTPTTON OF A PRFFFRT^FJI FMBOnTMFNT 

Please insert the following paragraph at the end of page 7. 

The, fnrf^gning desmptinn k ortly eyemplary nf the prindples of the invention. Many 
moHificatinnR anrl varifltions o f the prR«;ent invention are possible in h'gbt of the ahove 
teaobings The preferreH emhoHiments o f this invention have been disclosed, however. SO 
that one of ordinary sVill in the art wonl H renogniye that eertain moHifi rations would come 
within the scope of this invention Tt is^ therefore^ to be unde rstood that within the scope of 
the appended elaims^ the invention may be practiced otherwise than as specially described. 
For that reason the following elaims sh ould he studied to determine the tnie scope and 
eontent of this invention 
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WPCTON WTTIT MAPKTNOS TO RTTOW TTTANOF^^ MADE 

ARSTRACT 

Please replace the abstract with: 

A welding apparatus [(10)] for welding two or more overlapping members [(72, 74)] 
having a tenacious surface oxide layer, the apparatus [(10)] comprising a plasma arc torch 
[(12)] operable to form a weld pool [(80)] in a work piece [(34)], and weld pool disturbing 
means operable, in use, to disturb a weld pool [(80)] formed by the plasma arc torch [(12)], 
the weld pool disturbing means comprising a disturbing member [(56)] which is movable into 
the weld pool [(80)]. The apparatus [(10)] may include a support member [(58)] adapted to 
support the weld pool. [(80)] 



[Fig. 1] 
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Welding Appurattts and Method 

The present invention relates to wtslding and in particular to welding metals 
having a siirface oxide layer such as, for eoeample, ahiminium alloy. 

The high strength and low weight of aluminium alloy has traditionally lead to its 
use in areas where such factors are critical, for example in the aerospace 
industry. More recently it has begun to be used ui the ^tomotive industry as the 
raateriai for vehicle bodies. 
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Difficulties exist in the welding of aluminium alloy due to its inherent nature. 
The high thermal conductivity of aluminiuni alloy ranges from three to five times ^ 
that of steel, with the result that significantly higher inputs of energy are required 
Q to achieve fusion- For the welding of thick sections preheating of the work 

M 15 pieces may be necessaty. Alumimton and its alloys have a surface film of 

asss 

J aluminium oxide which forms rapidly when the aluminimn is eTgposed to the 

^1 atmosphere. It has been necessary to remove this oxide layer before weldulg as 

p h prevents fusion between the work pieces. Oxide removal operations are time 

01 consTuniag and require a high degree of work piece cleanlmess to be maintained 

20 ^ if subsequent welding operations are to be successful. Magnesium and its alloys 
are also begintiiag to be considered for automotive applications* Like 
aluminium, magnesium also forms a ^ux&ce oxide layer when exposed to the 
atmosphere. 

25 These inherent problems with welding aluminium, magnesium and their alloys 
have thus far restricted their use in -the automotive tndustty to top of the range 
vehicles and have necessitated the use of less desirable alternative joining 
metihods such as riveting and adhedves. 

30 According to a first aspect of the present invention there is provided a method of 
welding two or more overlapping members having a tenacious surface oxide 
layer, the method comprising the steps of: 

melting said members at a predeteraiined location to form a weld pool; and 
disturbing the weld pooL 

■ 35- 



Si 
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The step of disturbing of the weld pool enables sufScient ciixmg of the molten 
metal of the work pieces to ensure fusion therebetween. In particular, the step of 
disturbing the weld pool serves to break down any layer of oxide in the weld 
pool which, if left undisturbed, would prevent fusion. 

5 

In a prefenred embodiment the step of melting the members to fonn the weld 
pool is achieved by a using a plasma arc torch. The method may include the stpp 
of clamping the overlapping members prior to fcaming the weld pool. 

10 Disturbance of the weld pool may be achieved by introducing a disturbing 
member into the weld pool In one embodiment the disturbing member may be 
consumable, for example a wire having a composition the same or similar to that 
of the metal forming tfie two or more members. In such an embodiment, the step 
of disturbing the weld pool may comprise the steps of advancing the disturbing 

15 member into tiie weld pool at a predetermined rate and to a predetermined depth, 
and then withdrawing the disturbing member at a predeteraiined rate. The 
method may include the inteonediate step of holding the disturbing member in 
the weld pool for a predetermined time. 

20 Preferably the speed of advance and withdrawal of the disturbing member is 
variable, and in a preferred embodiment the speed of withdrawal is equal to or 
faster than the speed of advance. , 



m In an aheraative embodiment the disturbing member may be non-consumable, 

R 25 for example a lance made from a material which is not wetted by the molten 

metal of the weld pool The lance may be made from, for example platinum or a 
ceramic material. In such an alternative embodiment, the step of disturbing the 
weld pool may comprise the steps of advancing liic lance into the weld pool at a 
predetemiined rate and. to a predetermined depth, and then withdrawing the 
30 lance. Again, the method may include the intermediate steps of holding the lance 
in the weld pool for a predetermined tune. 

Disturbance of the weld pool may be caused or promoted by the action of the 
plasma gas and/or the shielding gas. The gas may for example impinge on the 
35 weld pool at an angle in a manner so as to promote swirling. The plasma and/or 
shield gas may itself have a rotational component for example introduced by 
rijfltng in a gas delivery jet. 
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The wdd pool is preferably supporttsd from beneath to avoid slumping. Such an 
armagetnent is desirable in the case of single sided spot welding and has the 
additional advants^e of providing control over the shape and appearance of the 
solidified weld It "will however be understood that welding according to the 
5 method described herein This latter aspect may be an important consideration in 
cases where the cosmetic appearance of the weld is important, or where a smooth 
surface finish is desirable. 

In an alternative embodiment tiie support may be provided with a recess within 
10 which, in use, the weld pool is supported. The use of such a recess results in the 
face of the workpiece which rests there against during welding being provided 
with raised projections cocresponding to the shape of the recess. In a run of 
multiple welds, the aforementioned face of the worlgjjece is thus provided with a 
repeated run of stibstantially identical projections. The recess may be configured 
15 so as to provide a aesthetically pleasing projection, for example a smooth dome. 
Li In an alternative embodiment flic recess may be ccoxfigared so as to provide a 

ri projection which is later utilisable to locate or align a oomponeixt wi& respect to 



Ul 



the workpiece. 



20 If however^ the weld is performed in carefully controlled conditions, a support 
may not be necessary. Precise regolation of the plasma gas and welding current 
can melt an upper layer of materia) whilst merely beating the lower layer. In this 
case the oxide layer may insulate the lower layer somewhat* As the weld pool of 
the upper layer is disturbed, the oxide layer is sufSciently disrupted to permit 
J1 25 momentary melting of the lower layer^ and formation of a ttnitary weld pool. 

f4 Immediate redaction of current, plasma gas flow and/or cooling causes the weld 

pJ to solidify without slumping. 

In a preferred embodiment, the movement of the disturbing member is at a 
30 relatively shallow angle to the plane of the weld, preferably above 30° and most 
preferably up to 45^^. 

The disturbing member is preferably introduced into the weld pool to one side 
thereof, thus promoting a stirring effect which more effectively promotes mixing 
35 in the weld pool. Two or more disturbing members may be provided to promote 
such stirring* 
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In a preferred embodiment a singii^ sided spot weld between two strips of 5754 
aluminium alloy required a plasma gas (Argon) flow rate of 1^-1.8 litre per 
minute, and a disturbing member comprising a single filler wire of 5554 
aluxxiinium alloy and a diameter of 1.6 mm. Such a weld had a smooth 
5 appearance with an approximate overall diameter of 8 mm on the blind side and 
10 mm on the front side. Needless to say, a thinner wire would require a faster 
rate of teed and be more likely to buckle. A thicker wire might be more difEcuIt 
to feed to the weld pool because of cutvatune of the feed path. Typically, in the 
above example^ a feed speed of 4m/min. and a withdrawal speed of 5m/imn. ore 
10 suitable. These factors are variable by the skilled man in order to obtain a 
optimum weld. 

In the case of a supported weld pool, the oxide layer may be broken or disrupted 
by slumping the weld pool into a support recess of appropriate size. The oxide 
15 l^er has no resilience, and consequently no resistance to defonnation. Mixing 
may be promoted, by for example a swirling effect introduced by Ae plasma 
and/or shielding gas. 



Pulsing of a welding current may also disturb the weld pool, for example by 
fll 20 stepping an A, C. current up and down- 



Recording to a second aspect of the present invention there is provided a welding 
p ' apparatus comprising a plasma arc torch operable to form a weld pool in a worfc 

iff piece, and weld pool disturbing means operable, in use, to disturb a weld pool 

O 25 formed by the plasma arc torch. Optionally a "Weld pool supporting member may 
^ be provided 

RJ ■ . \ ^ , 

The weld pool disturbing means preferably comprise a disturbing member which 
is movable into the weld pool In one embodiment the disturbing member may 

30 be consumable, and comprise a wire or filament having a composition the same 
or similar to that of the workpiece. In such an embodiment the wire or filament 
may be movable by a feed mechanism. The feed mechanism may be operable to 
move the wire or filament at one or more predetermined feed rates relative to the 
weld pool, in use. Preferably the feed mechanism includes guide means to guide 

35 the wire or filament to a predetermined location in the weld pool. In an 
alternative embodiment the disturbing means may be non-consumable, and 
comprise a lance or like implement. The lance is preferably be made^ firom a 
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material which is not wetted by the moften metal of the weld pool. More than 
oa& wire, filament or lance may be provided. 

The support member comprises a support surface having a recess adapted to 
5 support the weld pooL In a prefexred embodiment the support member i& 
adapted to allow the recess to vent when the weld pool is formed. The support 
surface may be provided with one or more opai channels extending from the 
recess. Preferably the support member is provided with a cooling system. The 
support member may have a substantially hollow interior through which coolant 
10 can be circulated. 

The support member may have a peripheral raised edge against whidh the work' 
piece is received. Such an edge, which may be discontmuous, reduces 
conduction of heat from the work piece to the support^ and allows a relatively 
15 easily adjustable means of varymg the heat transfer characteristics of the weld 
The raising of the edge may be very small, and in the order of O.OSmm. 

In an alternative embodiment the support member may comprise a body having 
an insert, the insert defining the support^ stirfece, wherein the imext . is 
20 manufactured from a material having a lower fiicnnal conductivity than the 
P material of the body, TTie use of such an insert reduces the amount of heat 

energy transfeited to the support during welding and hence reduces the energy 
J'^ input required from the plasma torch. The kis&xt may be manufactured from a 

Q ceramics material, for example reaction bonded silicon nitride. Alternatively the 

SI 25 insert may be manufactured from an electncalfy conductive macerial, for 
O example a graphite based material. 

The plasma arc torch and support member may be movable relative to one 
another so as to enable the work piece to be clamped therebetween. 
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In a preferred embodiment, aa electric welding current may be pulsed during 
welding In order to disturb the oxide layer and/or to regulate the heat input to the 
weld. Such an arrangement may be especially useful in avoiding slumping of 
non-horizontal welds. 

An embodiment of the present invention will now be described with reference to 
the accompanying drawings in which: 



620/800 'd 



4 



wooi/iosw , pct/GEoomm 

6 

Figure 1 shows cross-secdonal side view of a welding apparatus in accordance 
with the present inveation; 

Figures 2a to 2c show diagranunatic side view of a welding operation according 
to the present invention; 
5 Figure 3 shows a perspective view of a support member according to the present 
invention; 

Figure 4 shows a cross-sectional sides view of a first altisrnative support member; 
and 

Figure 5 shows a cross^sectional side view of a second alternative stippcrt 
10 member* 

Referring firstly to figure 1 there is shown a welding apparatus, generally 
designated 10, adapted to produce spot welds* The welding apparatus comprises 
a plasma arc welding torch 12 mounted on a movable carriage 14. The carriage 
1^ J5 14 is movable within a cylinder 16, and an outer portion of the carriage 14 

p carries a peripheral seal 18 which enabbs the carriage 14 to act as a piston. The 

G cylinder 16 is connected to a mounting bracket 20 via a vibration absorbent 

^ compliance ring 22. The carriage 14 is movable relative to the cylinder 16 by the 

m ' . selective application of fiuidic pressure, for example pneumatic pressure, to the 

Q 20 cylinder 16 via apertures 24^6 provided in the wall tijereof. As can be readily 

ft seen, the apertures 24,26 are provided above and below the peripheral seal 18. A 

^ porting block 28 is provided adjacent the apertures 24,26 to enable connection of 

a suitable source of fluidic pressure. 



m 



25 The constricting orifice 30 of the plasma torch 12 projects from the carriage 14 
and is shrouded by a clamp cup 32 carried by the carriage 14. The clamp cup 32 
is cozmected to the carriage 1 4 by a retaining ring 78* The clamp cup 30 serves, 
in use, both to clamp a work piece 34 and to ensure adequate gas shielding of the 
weld site. Both iunctions of die clamp cup 32 wiU be described in more detail 

30 below. The carriage 14 is provided with cooling channels 36 to allow die 
circixlation of coolant to cool the plasma torch 12 when it is in operation. The 
plasma torch 12 is retained in the carriage 14 by a tubular retaining sheath 38. 
The sheath 38 also houses the gas and power connections 40^42 of the plasma 
torch 12 



35 



A filler wire guide, generally designated 44, is connected to the carriage 14 by a 
support clamp 46. The wire guide 44 comprises a curved guide tube 48 
containing a liner 50, and a tapered tip 52, In the embodiment shown the guide 
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tube 48 passes through the mounting bracket 20. As guide tube 48 ifl connected 
to the movable carriage 14 by the support damp 46^ an insulated guide bush 54 
is provided in the mounting bracket 20 to allow relative movement of fee guide 
tube 48. Filler wire 56 is movable through the wire guide 44 by an appropriate 
5 feed mechanism (not shown)* Typically the fillet wire is stored in the feed 
mechanism on a drum. The tip 52 of wire guide 44 is positioned so as lo> hi use, 
feed the filler wire 56 through an aperture 49 in the clamp cup 32, 

A support member 58 is shown in figure 1 and also in greater detail in figure 3. 
10 TTie support member 58 has a support surface 60 against which the work piece 
34 rests in use. The support member 58 has a substantially hollow interior into 
which coolant can be circulated via an inlet 62 and an outlet 63. A recess 64 is 
provided in the support surface 60 and two channels 66,68 extend in opposite 
directions from the recess 64 to the edge 70 of the support surface 60. 

15 

2 Operation of the welding apparatus 10 will now be described with reference to 

all of the figures. In the embodiment shown the workpiccc 34 comprises two 
overlapping sheets 72J4 of aluminium alloy. The sheets 72,74 are positioned 
such that the intended position of the weld is aligned with a nominal axis 76 
It" 20 passing through the plama torch 12 and the recess 64 in the support member 58 

y as shown in figure 1. The carriage 14 is lowered until the damp cup 32 abuts the 

^' work piece 34, and the work piece 34 is clamped against the support member 58. 

Q This clamping action reduces the possibility of the sheets 72,74 moving relative 

m to one another during the subsequent welding operation. 

"S 25 - 

pi The welding torch 12 is then qpcmted to produce iocahsed melting of the woik 

^ piece 34 to fom^ a weld pool 80. The weld pool SO is contained by the recess 64 

of the support member 58 as shown in figure 2b. As the weld pool 80 forms, air 
present in the recess 64, which expands due to the heating of the worlc piece 34, 
30 vents via the channels 66,68. Without the channels 66,68, the only means of : 
escape for the expanding air would be through the molten weld pool 80 which 
could result in the weld pool 80 being blown from the recess 64* The channels 
66,68 also provide a means of escape for surface coatings present on the lower 
surfece of the workpiece 34, which coatings liquefy as a result of the formation 
35 of the weld pool 80. For example the work piece 34 may be provided with a 
protective surface coating of wax. 
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Oace the weld pool 80 has formed, there remain thin layers of aluminium oxide, 
shown by broken lines 82 in figure 2b, bertween the molten metal of the 
respective sheets 72,74. These oxide layers S2 comprises the oxide present on 
the facing snrfaccs of each sheet 72,74. This prevents the mixing of the molten 
5 metal of the sheets 72>74, and hence prevents fusion. To overcome this,, filler 
wire 56 is advanced into the weld pool 80 to disturb the oxide layers 82 as shown 
in figure 2c, Once the oxide layers 82 are penetrated by the filler wire 56, 
convective farces within the weld pool 80 ensure sufficient mixing of the molten 
sheet metal to achieve fiision. The fUler wire 56 typically has a composition 
10 which is the same as that of the alloy sheets 72,74, for example a mixture of 
aluminium and magnesium or silicon. Once the filler wire 56 has been advanced 
into the weld pool 80, it is held there for a predetemiined time to allow a portion 
thereof to melt and become incorporated in the weld. After said predetermined 
time has elapsed the filler wire 56 is retracted. The'worit piece 34 can then be 

M» 15 wclamped and removed from the apparatus 10, 

Q 

O Figure 4 shows an alternative support member 58 having a peripheral raised edge 

S 84 which defines a substantially annular support surface 60, 

ill 

!□ 20 The recess 64 within which the weld pool is supported in use, is provided in tibie 

P middle of the annular support surfece 60. In use, tiie raised edge 84 enables &n 

!^ air gap 86 to be provided between the support member 58 and the workpiece 34 

in the vicinity of the weld site. The air gap 86 reduces the transfer of heat frcwn 
Q the workpiece 34 to the support member 58 dtiring welding- 

H 15 ' ^ * ^ 

Q Figure 5 shows a further support member 58 having an insert 88 therein. The 

insert 88 is configured so as to define the above described recess 64 and vent 
channels 66. The insert is manufactured from a material having a lower thermal 
conductivity than that of tiie main body of the support member 58. The insert 
30 may be a high temperature non-metallic material which, in use, is not wetted by 
the molten metal of the weld pool. The insert may be a ceramic material such as, 
for example, reaction bonded silicon nitride. 

The use of an insert of a material having a lower thermal conductivity 
35 advantageously may eliminate the need for the support member 58 to be cooled 
as less heat energy is transferred thereto during welding It will be appreciated 
that heat energy transferred to the support 58 is, in effect, wasted as it is not used 
in the heating of the workpiece and the formation of the weld pool. Thus by 
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reducing the energy traasfer to the support 58 there is a consequential teductioa 
in the energy needed to achieve a weld. Taking the example of welding two 
overlapping alirniinitmi alloy sheets each having a thickness of 1 mm and 
utilising a water cooled copper support has been observed to require a welding 
5 current of around 150 amps for a duration of about 3 seconds. In contrast, by 
substituting an uncooled copper support having a ceramic insert a similar weld 
could be achieved using a welding current of around 105 amps for a duration of 
about 2 seconds. 

10 Alternatively the insert may be manufactured from an electrically conductive 
material having a lower thermal conductivity than the main body of the support 
58. Such an insert ensures that the support in its entirety is electrically 
conductive and thus eliminates the possibilixy that the electrical circuit formed, in 
use, between the workpiece and the plasma torch may be broken during welding. 



'tea? 
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1. A method of welding two or more overlapping members having a 

tenaciatis surface oxide Iaye?r, the method comprising the steps of: 

5 melting said members at a predetermined location to form a weld pool; 

and 

disturbing the weld pool by introducing a disturbing member into ft^ 

pool. 

10 2. A method as claimed in claim 1, wherein the step of melting the members 
to form the weld pool is achieved by a using a plasma arc torch- 

3. A method as claimed in claun 1 or claim 2, and including the step of 
claxr^jing the overlapping membecs prior to fomiing the weld pool. 

^ 4. A method as claimed in any preceding claim, wherein the disturbing 

O " 

p member is consuthable. 



m 
m 

. SI 



5. A method as claimed in claim 4, wherein the disturbing member has a 
20 composition the same or similar to that of the metal forming the two or more 
members. 



m 6. A method as claimed in any preceding claims wherein the step of 

p disturbing the weld pool comprises the steps of advancing the disturbing member 

^ 25 into the weld pool at a predetemuned rate and to a predetermined depth, and tficn 

^ withdrawing the disturbing member at a predetermined rate. 

7. A method as claimed in claim 6, and including the intermediate step of 
holding the disturbing member in the weld pool for a predetermined time. 

30 

g, A method as claimed in claim 6 or claim 7, wherein the speed of advance 
and withdrawal of the disturbing member is variable. 

9. A method as claimed in claim 8» wherein, the speed of withdrawal is 
35 equal to or faster than the speed of advance. 
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10. A method as claimed in any of claims 1 to 3, wherein the disturbing 
m^ber is non-consumable. 

1 1 . A method as claimed in claim 10, wherein the disturbing member is made 
5 frcm a material which is not "wetted by the molten metal of the weld pool. 

12. A method as claimed in claim 10 or 1 1^ wherein the step of disturbing the 
weld pool comprises the steps of advancing the disturbing member into the weld 
pool at a predetermioed rate and to a predetermined depth, and then withdrawing 

1 0 the disturbing member. 

13. A method as claimed In claim 12, and including the intermediate step of 
holding the disturbing member in the weld pool for a predetermined time. 

1^ 15 14. A metitod as claimed in any preceding claim, wherein the movement of 

O the disturbing member is at a relatively shallow angle to the plane of the weld. 



IS. A me&od as claimed in claim 14, wherein the angle is above 30° 



p 20 16. A method as claimed in claim 14 or clahn 15, wherein the angle is up to 

i ■ . 45^ 

17. A method as claimed in any preceding claim, wherein the disturbing 
member is introduced into the weld pool to one side thereof to promote a stirring 



25 effect 



18. A method as claimed in claim 17, wherein two or more disturbing 
members are provided to promote such stirring. 

30 19* A method as claimed in any preceding claim^ the method including 
disturbance of the weld pool by a welding gas. 



35 



20. A method as claimed in claim 19 when dependant upon claim 2> the 
method including disturbance of tihie weld pool by the actioti of a shielding gas. 

21. A method as claimed in claim^ 19 when dependent upon clahn 2, or claim 
20, the method including disturbance of the weld pool by the action of a plasma 
gas. 
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22. A method as claimed in any of claims 19 to 21 « wherein the gas is camsed 
to impinge on the weld pool at an angle and in a manner so as to promote 
swirling of the weld pooL 

5 

23. A method as claimed in any of claims 19 to 22, wherein the gas has a 
rotational component achieved by rifling in a gas delivery jet or nozzle. 

24. A method as claimed in any preceding claim, wherein the weld pool is 
1 0 supported &om beneatii. 

25. A method as claimed in claim 2, wherein the step of disturbmg the weld 
pool includes disturbance by pulsing a welding cuirent of a plasma arc torch. 

15 26, A welding apparatus for welding two or more overlapping members 
having a tenacious surface oxide layer, the apparatus comprising a plasma arc 
torch operable to form a weld pool in a woiic pieoe^ and weld pool disturbing 
means operable, in tise, to disturb a weld pool formed by the plasma arc torch, 
the weld pool disturbing means comprising a disturbing member which is 

20 movable into the weld pooL 



g 27. An apparatus as claimed in claim 26, and including a weld pool 

O supporting member. 



25 28. An apparatus as claimed in claim 26 or claim 27, wherein the disturbing 
member is consumable 

29. An apparatus as claimed in claim 28 wherein the disturbing member 
comprises a wire or filament having a composition tiie same or similar to that of 

30 the workpiece, 

30, An apparatus as claimed in claim 29, wherein the wire or filament is 
movable by a feed mechanism. 

35 3L An apparatus as claimed an claim 30, wherein the feed mechanism is 
operable to mov« th^ wire or filament at one or more predetermined feed rates 
relative to the weld pool, in use. 
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32. An apparatus as claiaied in claim 30 or claim 31, wherein the feed 
mechanism incltides guide means to guide the wire or filament to a 
predeteraiined location in the weld pooL 

33. An apparatus as claimed in claim 26 or claim 27, wherein disturbing 
member is non-consumable. 

34. All \^03:dtxJ as claimed in claim 33 .wherein thf . disturljing trt^ber 
comptii5es ^ liance or l^ke^implement. 

35. An^apparatusi aa claimed in claim 34, wherein flie distilrhijig member is 
made from a iiiaterial whicK^is not yetted .by the mohen me^l of the weld pool. 

36. An apparatus as claimed' in claim - 27, wherein the support member 
15 comprises a support surface having a recess adapted to support'tlie welcl pooL 

37. apparatus as claimed in claim 36, wherein the support member is 
adapted to allow tlje recess to vmt when the weld pool is fonned, 

20 38. An apparatus as claimed in claun 36 or 37, wherein the support surface is- 
- provided with one or more open channels extending item the rec^, 

39. An apparatus as claimed in any of claims 36 to 38, the support member 
comprising a body having an insert, the insert d efin i n g tiie support surface, 
25 wherein the insert is manufactured from a material having a lower thermal 
conductivity than the material of tiie body. 

40* An apparatus as claimed in clain^ 39 wherein the insert is a ceramic 
material 



30 



41. An apparatus as claimed dim 39 whorein the insert is electrically 
conductive. 



42. An apparatus as claimed in claim 41 wherein the msert is a g3raphite-hased 
33 material. - 

43, An apparatus as claimed in any of claims 36 to 42, wherein the support 
member is provided witb a- cooling system. 
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44- An apparatus as claimed in claim 43, wherein the support member has a 
substantially hollow interior thrpugh which coolant is circtdatable* 

5 45. An apparatus as claimed in any of claims 36 to 38, wherein the support 
member has a peripheral raised edge against which the work piece is received, 

46. An apparatus as claimed in claim 45, wherein the edge is discontinuous.. 

10 47, An apparatus as claimed in any of claims 26 to 46, wherein the plasma arc 
torch and supporting member are movable relative to one another so as to enable 
the work piece to be clamped therebetween. 

48. An ajqjaratus as claimed in any of claims 26 to 47, wherein an electric 
15 welding current of the plasma torch is pulsable during welding in order to assist 
disturbance of the oxide layer 



I 
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AMENDED CLAIMS 
[received by the International Bisreau on 27 December 2000 (27. 12.00); 
origiiuil claim 26 amended; lemainxng claims mchanged (5 pages)] 

I, A method of welding two or more overlapping members having a 

tenacious surface oxide layer, the method comprising the steps of: 

5 melting said members at a predetermined location to form a weld pool; 

and 

distinting the weld pool by introducing a disturbing member into the weld 

pool 

10 2. A method as claimed in claim 1, wherein the step of melting the members 
to form the weld pool is achieved by a using a plasma arc torch, 

3. A method as claimed in claim 1 or claim 2.. and including the siep of 
clamping the overlapping members prior to forming the weld pool. 

15 

4. A method as claimed in any preceding claim, vvherein the disturbing, 
member is consumable* 

5. A method as claimed in ckim 4, wherein the disturbing member has; a 
20 composition the same or similar to that of the metal forming the two or more 

memberfs. 

6. A method as claimed in any preceding claim, wherein the step of 
dbjturbing the weld pool comprises the .«;teps of advancing the disturbing member 

25 into the weld pool ai a predecennincd rate and to a prcdctcxmined deptlu and then 
withdrawing the disturbing member at a predetennincd rate 

7. A method as claimed in claim 6. and including the intermediate step uf 
holding the dismrbiag member hi the weld pool for apredetcnmned time. 

8. A method as claimed in claim 6 or claim 7. wherein the speed of advance 
and withdrawal of the disturbing member is variable. 

y. A method as claimed in clahn 8, wherein, the speed of withdmwal is 
35 equal lo or faster than the speed of advance. j 

i 

I 
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10. A method as claimed in any of clauns i to 3, wherein the disturbing 
member is non-consumable. 

U . A methad as claimed in claim 10, wherein the dismrbing member is made 
5 from a mateiiaJ which is not wetted by the molten metal of the weld pooL 

12. A metbod zs, claimed in claim 10 or 11 . wherein the siep of dismrbing the 
weld poo I conipris es the steps of advancing the disuirbing member into the weld 
pool at a predetermined rate and td a predeteradned depth, and then withdrawing 

10 the disturbing member. 

13. A method as claimed in claim 12, and including llic intermediate- step of 
holding the disturbing member in the weld pool for a predeimiiincd time 

13 14. A method as claimed in any preceding claim, whercsin die movement of 
1^ the dismrbing member is ai a relaiively shallow smglc to die plmic of the weld. 



15. A method as claimed in claim 14, wherein the angle is above 30°. 
20 16, A meihod as claimed ui claim 14 or claim 1 5, wherein the angic h up to 

45^ 

17, A method as clahncd in any preceding claim, wherein £bc disturbing 
member is introduced into the weld pool to one side thereof to promote a stirring 
25 tjflbct. 

IS* A method as claimed in claim 17, wherein two or more dismrbing 
members are provided to promote such stirring- 

30 19. A method as cliumcd in any preceding claim, the meihod including 
-disTuibane© of the weld pool by a welding gas. 

20. A method as claimed in claim 19 when dependant upon claiin 2, the 
method including discurbance of the weld pool by the action of a shielding gas- 



35 



21* A method 35 claimed in claim 19 when dependent upon claim 2^ or claim 
20, the method including disturbance of the weld pool by the action of a plasma 
gas. 
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21, A method as ckimed in any of claims 19 to 21, wherein xhe ga^ Is caused 
lo impinge on the weld pool at an angle and in a manner so as to promote 
swirling cf the weld pooL 

5 

23. A method as claimed in any of claims 19 to 22, wherein the gjis hius a 
rotational component achieved by rifling in a gas delivery jet or nozde. 

24. A method as claimed in any preceding claixnj wherein ihe weld pool is 
10 ^^poried from beneath. 

25. A method as claimed in claim 2, wherein the step of disxurbing the v/cld 
pool includes disturbance by pulsing a welding cuircat of a plasma arc torch- 

13 26. A welding apparatus for welding two or more overlapping members 
having a tenacious surface oxide laytn:, liic apparatus comprising a plasma arc 
torch operable to form a wcid pool in a work piecc^ and weld pool disturbing 
means operable, in use, to disturb a weld pool foaned by the plasnwt arc torch, 
and thereby ei^ablo mixing of the weld pool to break down the surface axide 

20 layer present therein, the weld pool disturbing means i;>omptising a disturbing 
member which is movable into chc weld pooL 

27- Ail apparatus as claimed ia claim 26, and including a weld pool 
.suppurtijjg member. 

28, An apparatu:!; as claimed in daim 26 or claim 27, wherein the disturbing 
member is consumable 

29, An apparatus as claimed in claim 28 wherein the disturbing member 
30 comprise?; a wire or Blament having a composition the same or similar to that of 

the workpiece. 

30, An app5iratus as claimed in claim 29, wherein the wire or filament i<! 
movable by a feed mechanism. 

35 

31, An apparatxi5 as claimed in claim 30» wherein the feed mechanism is 
operable to xnove the wire or filament at one or more predetermined feed rates 
relative to the weld pool, in use, 
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32. An apparatus as claimed in claim 30 or claiui 31, whcmn Qxq feed 
mechanism includes guide means lo guide itttf wire at filjuncwnt to a 
preddtenniaeii locaiion In ihc weld pool- 

5 

33. AH apparatus as claimed in claim 26 or claim 27, wherein the disturbitig 
member is aon-consumablc. 

34. An appgiraxus as claimed ift claim 33 wherein the disturbing member 
10 comprises a lance or like implemcDX. 

35. An apparatus as claimed in claim 34, wherein the diaiurbing member is 
made from a material wiiicli is xiot welted by the molicn meial of the weld pool. 

15 36- £\n apparatus as claimed in claim 27, wherecn the support member 
comprises a :aEppcn: surface having a recess adopted to support the weld pool. 

37. An apparatus claimed in claim 36, wherein the support member h 
adapted to allow the recess to vcnc wh^n the weld pool is fomied. 



20 



38. Aa apparatua as clokned in claim 36 or 37, wherein the support surface is 
provided with one or more open chajoncls oTCtending from the recess. 



in 39. An apparatus as claimed in any of claims 36 lo 38^ the siipport member 

O 25 comprising a body having an insert, the insert defining the support Rilrfacc. 

]y wherein ihe insert is mwiifectured from a material having a lower thermal 

^ conductivity than the material of the body. 

40. An apparatus as claimed in claim 39 wherein the insert is a cferamic 
50 material 

41. An apparatus as claimed dim 39 wherein the inserc is electrically 
conductive, 

35 42, An apparatus as claimed in claim 41 Avherein ihe insert is a graphiic based 
material. 
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43. An apparatus as claimed in any of claims 36 ro 42, whcrdn the support 
meniher is provided with a cooling system. 

44. An apparatus as claimed in claim 43, wherein the support member has a 
5 substantially hollow interior through which coolant is circulaiUiblc. 

45. An apparaius as claimed in any of claims 36 to 38, wherein die support 
mcnnber has a peripheral raised edge against which the work piece is received. 

46. An apparatus as claimed in claim 45^ wherein the edge is discontinuous, 

47. An appararus as claimed In any of claims 26 to 46, wherein the plasma arc 
torch and supporcing membd- arc movable relative to one another so as to enable 
the work piece to be elampcd therebetween. 

An iippiiratus as claimed in any of claitns 26 to 47, wherein an electric 
welding currcnC of the plasma corch is pubablc during welding in order to assist 
disiuiiiancc of the oxide layer 
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